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® Method of detecting incipient resistance to therapeutic agents in cancer patients. 



® A method for detecting incipient drug resistance 
to therapeutic agents in cancer patients, comprising 
determining an increase in the number of copies in 
the patient of at least one gene indicative of the 
incipient resistance. 
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METHOD OF DETECTING INCIPIENT RESISTANCE TO THERAPEUTIC AGENTS IN CANCER PATIENTS 



BACKGROUND OF THE INVENTION 

This invention relates to a method of detecting 
resistance to chemotherapeutic agents in cancer 
patients. Using this method, specific genes in a 
patient's cancer cells that are known to become 
amplified when cancer cells are resistant to 
chemotherapeutic agents are quantitatively mea- 
sured. According to this invention, the determina- 
tion of the increase in the number of specific gene 
copies or gene products in a patient indicates 
whether the patient has become resistant to the 
chemotherapeutic agents being used to treat the 
cancer. 

Cis-diaminedichloropiatinum It (cisplatinum) is 
widely used in the treatment of carcinomas; yet, its 
mechanism of action remains unclear. Resistance 
to cisplatinum and other chemotherapeutic agents, 
such as 5-fluorouracii {5-FUra) is one of the main 
obstacles in cancer chemotherapy. 

Recently. Scanlon, K.J., et al., 
Proc.Natl.Acad.Sci. USA 83:8923 (1986) have 
pointed to the thymidylate synthase (dTMP syn- 
thase) cycle, which is the pathway for synthesis of 
thymidine precursors, as an additional site of action 
of cisplatinum. Co-pending application Serial No. 
859,065 filed May 2, 1986. incorporated herein by 
reference, describes the inhibition of dTMP syn- 
thase in human cancer cells by sequential admin- 
istration, first, of cisplatinum and then of 5-FUra by 
causing a metabolite of 5-FUra to covalentiy bind 
to dTMP synthase and 5-fluorodeoxyuridylic acid 
FdUMP. This combination of drugs used [n vivo 
has been shown to achieve very favorable re- 
sponses against human neoplasms such that se- 
quential administration of cisplatinum and then 5- 
FUra has a synergistic effect. 

As an additional consideration, cellular on- 
cogenes have been implicated in the control of 
normal cell growth and proliferation. The H-ras on- 
cogene product is a g protein and may play a role 
in signal transduction. The myc and fos genes 
encode nuclear proteins induced following serum 
addition to quiescent cells. It possible that the 
action of these proteins leads to DNA synthesis. 

It has been determined that human carcinoma 
cells become resistant to cisplatinum in vitro and in 
vivo due to the activity elevation of dTMP synthase 
and dihydrofolate reductase (DHFR) and a con- 
comitant increase in the mRNA and gene expres- 
sion of dTMP synthase and DHFR. Further, resis- 
tance to chemotherapeutic agents in humans has 
been found to cause an increase in the number of 



gene copies of the oncogenes c-fos. c-H-ras, and 
c- myc . 

In a clinical setting, a rapid and practical detec- 
tion of the increase in the number of copies of the 

5 genes of dTMP synthase. DHFR, c-fos, c-H-ras, 
and c- myc would lead to rapid diagnosis of a 
patient's early resistance to chemotherapeutic 
agents. This invention provides a rapid method of 
'^^detecting a patient's early resistance to 

JO chemotherapeutic agents by measuring the in- 
creased expression of these genes. 

Saiki. R.K., et a!.. Science 230:1350 (1985) 
shows that small amounts of DNA samples, un- 
detectable with standard nucleic acid hybridization 

/5 methods, can be specifically detected after am- 
plification achieved by repeated synthesis of nu- 
cleic acid sequences bound by oppositely oriented 
primers. 

According to the method of the present inven- 
20 tion, this technique known as the polymerase chain 
reaction is modified to provide for the amplification 
of an RNA template. Specifically, by beginning with 
m-RNA that codes for the DNA of dTMP synthase, 
DHFR. c-fos. c-H-ras. and c- myc . these specific 
25 genes are exponentially amplified in vitro, and 
compared to a control. Identification of the specific 
genes to be amplified is essentia! to this assay. 

30 SUMMARY OF THE INVENTION 



In general, the invention comprises a method 
for detecting incipient drug resistance to therapeu- 

35 tic agents in cancer patients, comprising determin- 
ing an increase in the number of copies in the 
patient of at least one gene indicative of the incip- 
ient resistance. The increase in the number of gene 
copies is determined by comparing an amplifica- 

40 tion of the messenger RNA sequence that codes 
for at least one indicative gene with a control. The 
genes indicative of incipient resistance are selected 
from the group consisting of dTMP synthase, 
dihydrofolate reductase, c-fos, c-H-ras. and c- myc . 

45 Other advantages and features of the invention 

will be apparent from the following description of 
the preferred embodiments thereof, and from the 
claims. 

50 

DESCRIPTION OF THE DRAWINGS 



Rg. 1 is a flow chart depicting the steps of 
the assay of the invention. 
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Fig. 2a depicts the oligoprimers for dTMP 
synthase. 

Fig. 2b depicts the oligoprimers for DHFR. 

Fig. 3a shows Southern analysis of labeled 
cDNA for dTMP synthase hybridized to annplifica- 
tion products formed by using four different 
oligomer primers for dTMP synthase. 

Fig. 3b shows Southern analysis of amplified 
mRNA for dTMP synthase from sensitive (A2780S) 
and resistant (A2780DDP) cells. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 



The illustrated procedure yields exponential in 
vitro amplification of 181 base nucleic acid se- 
quences of a specific gene. A schematic diagram 
outlining the steps of the assay of the invention is 
shown in Fig. 1 . 

This assay requires two converging, preferably 
about twenty base, oligoprimers oriented in op- 
posite directions, for the 5 and 3' ends of the gene 
sequence to be analyzed. These oligoprimers may 
be synthesized by conventional methods. The 
oligoprimers for dTMP synthase are shown in Fig. 
2a; the oligoprimers for DHFR are shown in Fig. 
2b. 

More^ specifically for dTMP synthase, TS-2 is 
the 3 -5 oligoprimer complementary to DNA 
(bases -3-2i) having the sequence GCC ATG CCT 
GTG GCC GGC TCG GAG, and TS-3 is the 5'-3' 
primer complementary to mRNA (bases 146-167) 
having the sequence AGG GTG CCG GTG GCC 
GTG CGG T. The probe for identifying the TS 
sequence (base 101-122) is denoted TS-4 and has 
the sequence AGG ATG TGT TG G ATG 

TGC GCC A. * * 

"Mbol restriction enzyme site 

DHFR-1 IS THE 3 -5 oligoprimer complemen- 
tary to DNA (bases 1271-1291) having the se- 
quence GAG GGC GOG TTC TGC TGT AAC. 
DHFR-2 is the 5 -3' oligoprimer complementary to 
mRNA (bases 1386-1406) having the sequence 
GAG CGG TGG CCA GGG CAG GTC. The probe 
for identifying the sequence, DHFR-3, has the se- 
quence ACA GCA GCG GGA GGA CCT 
CCG AGC. ~' 
'Ava II restriction enzyme site 

In the following examples the nucleic acid se- 
quence of human dTMP synthase was amplified 
according to the assay of the invention. 



Example ^ 



Cycle 1 of the assay of this invention was 

5 started by combining messenger RNA (mRNA) 
from drug resistant tumor cells of a patient with 1X 
amplification buffer (10 mM tris-HCl. pH 7.5; 10 
mM MgCb: 66 mM NaCI; 1 mM dithiothereitol), a 
large molar excess (1 .0 uM) of both the s' and 3' 

w primers of complementary mRNA (TS-3 and TS-2). 
and a large molar excess (1.5 mM) of the four 
deoxynucleoside triphosphates such that the final 
reaction volume was 100 ul. The mRNA was de- 
natured by heating for 5 minutes at 95 ''C. cen- 

;5 trifuged for 5 seconds, and cooled to 30 ="0. Cycle 
1 of the reaction was completed by adding 1.0 ii\ 
of reverse transcriptase (2.0 units. Bio Rad Re- 
search Laboratories, inc.) diluted in amplification 
buffer, and incubating the solution for 2 minutes at 

20 30°C. At this point of the reaction, and during each 
subsequent reaction cycle, each oligonucleotide 
primer on the original mRNA template was ex- 
tended to produce one new single strand dTMP 
synthase DNA molecule of 181 bases. 

25 After completion of the cycle^M reaction, the 

solution was denatured by heating at 95 ^C for 2 
minutes, centrifuged, and cooled to 30 ''C as in 
cycle 1 . Next, 0.5 units of Klenow DNA polymerase 
I (Klenow) (Boehringer Mannheim) and a further 

30 amount of reverse transcriptase were added, and 
the solution was heated at 30^ C for 2 minutes to 
end cycle 2. At this point of the reaction, two 
copies of DNA were obtained. 

As seen in Fig. 1, cycles 3-6 were performed 

35 by repeating the steps of cycle 2. In cycle 7, 0.45 
ug of ribonuclease A (RNase) was added along 
with Klenow to eliminate the RNA complexity and 
to enhance primer hybridization. All cycles from the 
eighth onward were carried out by the addition of 

40 Klenow only. At the end of 21 cycles, there were 
approximately 1.000,000 copies of dTMP synthase 
DNA. 

As stated above, performing each cycle of the 
assay of this invention produced one new single 

45 strand DNA molecule, which in this example was 
the 181 base dTMP synthase DNA. The single 
strand DNA molecules that were produced by the 
assay of this invention acted as templates for one 
or the other of the oligonucleotide primers during 

50 sebsequent cycles of the assay. Extension of thes 
oligonucleotides by Klenow produced molecules of 
dTMP synthase that were 181 bases long. As a 
result, a chain reaction was sustained which re- 
sulted in the accumulation of, in this instance, the 

55 specific 181 -base pair double stranded DNA at an 
exponential rate as compared to the number of 
cycles of the assay performed. 
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Example 2 

The assay reaction described in Example 1 
was carried out four different times, eacli reaction 
starting with 1 ug of dTMP synthase mRNA and 
one pair of oligoprimers comprised of the four 
different oligoprimers for the 169 base pair dTMP 
synthase fragment as shown in Rg. 2, The four 
pairs of oligoprimers used were: TS-1 and TS-3: 
TS-2 and TS-3: TS-1 and TS-4; and TS-2 and TS- 
4. 

To test the four different amplification products 
obtained, TS-4 probe labeled with^^P was hybridiz- 
ed to the products and Southern blot analyses 
were performed as described by Southern, E.M., J. 
MoL Biol. 98:503 (1975). The results of the South- 
ern blot analysis are shown in Fig. 3a. 

Only oligoprimers TS-2 and TS-3 optimally am- 
plified the dTMP synthase gene fragment. 
Oligoprimers TS-2 and TS-4 amplified the se- 
quence to a lesser extent, while the combinations 
of primers TS-1 and TS-3, and TS-1 and TS-4 
were not successful. The selection of oiigoprimers 
for a given gene sequence that is to be amplified 
by the assay of the invention is critical. 

There was an exponential growth of the 181- 
base pair fragment which began with 1 ug of 
human dTMP synthase mRNA and TS-2 and TS-3 
oligoprimers. After 10 cycles, the target sequence 
of dTMP synthase was greatly amplified. Am- 
plifying 1 ug total human dTMP synthase mRNA 
produced approximately 5 x 10~'^ moles of the 
target sequence from one copy of gene and pro- 
duced a 1,000,000-fold increase of this fragment 
after 20 cycles of the assay reaction. 



Example 3 



The dTMP synthase mRNA from human ovar- 
ian carcinoma ceils A2780S (sensitive to 
chemotherapeutic agents) and A2780DDP (resistant 
to chemotherapeutic agents) grown in vitro were 
amplified using oligomer primers TS-2 and TS-3. 
The reaction was started with 1 ug of mRNA for 
each cell line. However, a far lesser quantity of 
mRNA, e.g.. 1 00-fold less, could also have been 
used. The results of Southern bolt analysis of the 
amplification products as described in Example 2 
are shown in Hg. 3b. further illustrating the use of 
the assay as a method of determining resistance to 
chemotherapeutic agents in cancer patients. In this 
example, the amplified gene product from the OOP 
(resistant) cells shows up as both double strand 
(ds) and single strand (ss) product. By comparison; 
no detectable 181 base product was produced at 



ail for the S (sensitive) ceils. 

These results are consistent with previous find- 
ings that resistance to chemotherapeutic agents 
results in an increase in the amount of mRNA and 

5 gene expression of dTMP synthase, DHFR, and the 
H-ras, c-fos. and c- myc oncogenes in carcinoma 
cells. Therefore amplifying mRNA that codes for 
these enzymes or oncogenes from even one car- 
cinoma cell of a patient, and comparing the amount 

70 of amplification product with a control such as DNA 
from white blood ceils, a rapid and accurate di- 
agnosis of a cancer patient's chemotherapy 
progress can be made. 

For example, a patient's cell that normally con- 

75 tained one copy of m-RNA for one of the enu- 
merated enzymes or oncogenes, but that later con- 
tained five copies of the same m-RNA when the 
patient had become resistant to chemotherapeutic 
agents, the amount of "drug resistant" genes that 

20 would be amplified via the assay of this invention 
would five times greater than the amount of am- 
plified genes in the normal (control) ceils. Further, 
if the results of Fig. 3b showing a large increase in 
the expression of the gene for dTMP synthase 

25 were from a cancer patient, it would be imme- 
diately apparent that the patient had become resis- 
tant to the chemotherapeutic agents being admin- 
istered. The patient could then be switched to 
different chemotherapeutic agents. The progress of 

30 the patient under the new regimen could be simi- 
larly monitored by daily analysis of the patient's 
carcinoma ceils according to the methods of the 
present invention. 

Other therapeutic agents besides cisplatinum 

35 and 5-FUra to which the methods of this invention 
may be used to detect resistance thereto are an- 
alogs of cisplatinum, fluoropyrimidines other than 
5-FUra and analogs thereof, and antifoiates such as 
methotrexate and analogs thereof. 

40 The carcinoma cells to be analyzed by the 

methods herein described can be obtained by bi- 
opsy in the case of solid tumors, or in the case of 
cancer of the blood, blood samples can be ob- 
tained. 

45 The methods of this invention can be used on 

a daily or less frequent basis to detect a patient's 
early resistance to chemotherapeutic agents. 

50 Claims 

1 . A method for detecting incipient drug resis- 
tance to therapeutic agents in cancer patients, 
comprising: 

55 determining an increase in the number of 

copies in a sample from said patient of at least one 
gene indicative of said incipient resistance. 
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2. The method of claim 1 wherein the Increase 
in the number of gene copies is determined by 
comparing an amplification of the messenger RNA 
sequence that codes for at least one indicative 
gene with a control. s 

3. The method of claim 1 in which the gene is 
selected from the group consisting of dTMP syn- 
thase, dihydrofolate reductase, c-fos, c-H-ras, and 
c- myc . 

4. The method of claim 1 in which the gene is w 
dTMP synthase. 

5. The method of claim 1 in which the gene is 
dihydrofolate reductase. 

6. The method of claim 1 in which the gene is 

c-fos. 75 

7. The method of claim 1 in which the gene is 
c-H-ras. 

8. The method of claim 1 in which the gene Is 
c- myc . 

9. A method for detecting incipient resistance 20 
in cancer patients to a therapeutic agent selected 
from the group consisting of cis-diaminedich- 
ioroplatinum II, analogs of cisplatinum, 5- ' 
fluorouracil, methotrexate, fluoropyrimidines and 
analogs thereof; and antifolates and analogs thereof 25 
comprising: 

determining an increase in the number of 
copies in a sample from said patient of at least one 
gene indicative of said incipient resistance. 

10. The method of claim 9 wherein the in- ' 30 
crease in the number of gene copies is determined 

by comparing an amplification of the messenger 
RNA sequence that codes for at least one indica- 
tive gene with a control. 

1 1 . The method of claim 9 in which the gene is 35 
selected from the group consisting of dTMP syn- 
thase, dihydrofolate reductase, c-fos. c-H-ras. and 
c- myc . 
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